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(54) Surface plasmon resonance sensor with interchangable optical element 

(57) A surface plasmon resonance sensor includes 
a transparent base housing 12 and a detachable optical 
housing 19. Radiation from a radiation source 10. dis- 
posed within base housing 12, is polarized by polarizing 
filter 1 6 and passes through the interface between base 
housing 12 and optical housing 19. The polarized radia- 
tion 18 is reflected from a planar mirror 20 onto a sur- 
face plasmon resonance (SPR) layer 22, which is 
formed on an exterior surface of optical housing 19. 
Layer 22 comprises a thin layer of a conductive material 
such as copper, silver or gold, having a substantially 
uniform thickness, the thickness being determined by 
the frequency of the radiation source 10 and the mate- 
rial properties of layer 22. Radiation 24 reflected from 
SPR layer 22 re-enters housing 19 and strikes an array 
28 of photodetectors. From the intensity and angle of 
radiation at each photodetector one can determine the 
index of refraction of the substance on the opposite side 
of SPR layer 22. 
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Description 

FIELD OF THE INVENTION 

This invention relates broadly to the field of optical 5 
sensors and. more particularly to the field of sensors 
used in the fields of chemical, biochemical, biological or 
biomedical analysis, process control, pollution detection 
and control, and other similar areas. 

w 

BACKGROUND OF THE INVENTION 

Surface plasmon resonance is an optical surface 
phenomenon that has been employed in sensors used 
in the fields of chemical, biochemical, biological or bio- is 
medical analysis. A surface plasmon is a surface charge 
density wave at the surface of a thin conducting film, A 
description of this phenomenon is found in the article by 
H. Raether in Physics Thin Films. 1977. 74 pp 237-244. 
This resonance ca be observed when a polarized beam 20 
of monochromatic light is totally internally reflected from 
a dielectric interface having a thin metal film formed 
thereon. Usually t interface comprises a smooth surface 
of a transparent body such as glass. The light internally 



this approach, however, has been limited due to system 
complexity related primarily to mechanical alignment 
issues associated with separate components. 

SUMMARY OF THE INVENTION 

The problems associated with earlier sensors are 
overcome by the present invention which incjudes a 
structure with a detachable optical portion of the sensor. 
A base housing is made of a material which is transpar- 
ent to the radiation produced by a radiation source. The 
radiation source produces fight that passes through the 
base housing and into a detachable housing where the 
radiation strikes an exterior surface of the housing on 
which a thin conducting layer (SPR film) is formed. The 
light reflected from the conducting layer is directed 
toward an array of radiation detectors disposed in the 
base housing. The detector having the minimum output 
level is associated with radiation rays from the source 
that have bounced off the thin metal layer at the "reso- 
nance" angle which is a function of the refractive index 
of the material contacting the conducting layer. Suitable 
index matching liquids or the like are located between 
the base housing and the detachable optical portion to 



reflected by the interface has a minimum intensity at a 2s 
particular angle referred to as a resonant angle in the lit- 
erature. This angle is determined by the dielectric con- 
ditions adjacent the metal film and the properties of the 
film itself. 

In prior sensors utilizing surface plasmon reso- 30 
nance, a thin metal film (SPR fit is usually applied to a 
flat surface of a glass prism. The resonance angle is 
determin by directing a polarized fight beam through the 
prism onto the surface with the metal film thereon and 
measuring the intensity of the light reflected therefrom :»5 
and through external surface of the prism. Such 
arrangements, however, require a very high deg of pre- 
cision in order to manufacture and align the separate 
optical parts so as to be readily adapted to changing the 
prism to eliminate problems of contamination or to *o 
change the physical configuration to detect different 
materials. 

The basis for the use of surface plasmon resonance 
for sensing is the fact that the oscillation of a surface- 
plasma of free electrons which exists at a conductordie- 45 
lectric boundary is affected by the refractive index of the 
material adjacent the conducting film surface on the 
side thereof opposite the prism. For a given wavelength 
of radiation, the resonance occurs when the angle of 
incidence of the polarized radiation has a particular so 
value and this value is dependent on the refractive index 
of the material adjacent the film. As such, changes in 
the refractive index give rise to changes in the angle at 
which surface plasmon resonance occurs. When polar- 
ized light strikes the thin metal film at the "resonance ss 
angel", the intensity of the reflected light therefrom is 
minimized. Hence, by detecting the angle at which this 
minimum occurs, the refractive index of the material 
adjacent the film can be determined. The usefulness of 



minimize the deflection of the radiation which passes 
from the base housing to the detachable optical portion 
or vice versa. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above mentioned objects, advantages and fea- 
tures of this invention are described below in connection 
with the drawings wherein: 

Fig. 1 illustrates the present invention with a base 
housing on which a detachable optical housing is 
disposed; 

Fig. 2 illustrates one embodiment of the present 
invention wherein polarized light rays are diverging 
from each other prior to contacting a surface plas- 
mon resonance layer; 

Fig. 3 illustrates an alternative configuration with 
index equalizing "pillows" disposed between the 
base and the detachable optical housing; 

Fig. 4 illustrates another alternative sensor with 
curved surfaces at the boundary between the base 
and the detachable optical housing so that radiation 
passing therethrough is in a direction perpendicular 
to the base or optical housing; and 

Fig. 5 illustrates a detachable optical housing and a 
complimentary base with a mechanism provided for 
securing the optical housing to the base. 
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DETAILED DESCRIPTION 

Fig. 1 illustrates one embodiment of the present 
invention. In this configuration, a radiation source 10, 
which may comprise a fight emitting diode (LED), a 
laser diode or any other suitable source of radiation, is 
disposed within a base housing 12. The housing 12 is 
made of a material which is transparent to the radiation 
from the source 1 0 such as suitable plastics or epoxy. In 
particular, an epoxy marketed under the trademark 
Epocast® 2013 Parts A/B by Furane Products Com- 
pany has been found useful especially for radiation 
sources in the infrared range. Other usable materials 
include Emerson & Cumming, Stycast 1269A Parts A/B, 
Tracon Trabond F114, Dexter Hysoi OS1000, Norland 
61 and 63, Dexter Hysol MG18 or Nitto 8510-1100. 
Other usable materials include polymethylmethacrylate 
or poiycarbonate. 

A light shield 14 is disposed around the source 10 
to prevent stray radiation from being directed throughout 
the sensor. The shield 14 has an aperture 15 which 
allows radiation from the source 10 to pass there- 
through in a generally vertical direction. A polarizing fil- 
ter 16 is disposed above the aperture 15 for producing 
polarized radiation. There are many suitable polarizers 
such as the plastic polarizing material sold by Polaroid 
Corporation known as HN7 Linear Poladzer. By reason 
of the fact that the radiation source 1 0 acts somewhat 
like a point source of radiation, the polarized radiation 
rays 18 (light rays) diverge from each other. 

The diverging polarized radiation 18 passes 
through the interface between the base housing 12 and 
the detachable optical housing 19 which rests on the 
upper surface of the housing 12. The optical housing 19 
is made of a material which transmits radiation from the 
source 10 and may be of the same or other material as 
the material used for the housing 12. The radiation rays 
18 reflect internally from a planar mirror 20 which is dis- 
posed so that the plane thereof is not normal to the 
direction to the polarized radiation 18. The diverging 
polarized radiation 18, after being reflected from the 
mirror 20, is directed toward a surface plasmon reso- 
nance (SPR) layer 22 which is formed on an exterior 
surface of the optical housing 19. 

The surface plasmon resonance layer 22 com- 
prises a thin layer of a conductive material such as cop- 
per, silver or gold having a substantially uniform 
thickness. The layer 22 is preferably planar although 
other configurations, such as convex or concave config- 
urations, or featured with steps, periodic or non-peti- 
odic. can also be utilized. This layer 22, in one 
embodiment of the invention, comprises a film of gold 
approximately 275 angstroms thick. The thickness of a 
surface plasmon resonance layer may vary from about 
200 to about 600 angstroms and still permit surface 
plasmon resonance to occur. The specific film thickness 
is determined by experimentation with respect to the 
frequency of the radiation for the source 10 and the 
properties of the conductive material used for layer 22. 



As Is known in the art, when radiation strikes a thin con- 
ductive film at the interface of an insulator, the intensity 
of reflection therefrom is a function of the angle of inci- 
dence of the radiation onto the film and the refractive 

5 index of the material in contact with the other side of the 
film. Hence, by determining the angle at which minimum 
reflectance occurs, it is possible to determine the index 
of refraction of the material on the side of the film oppo- 
site the side the radiation is reflected from. 

w In accordance with utilizing the principal of opera- 
tion described above, the configuration of Fig. 1 pro- 
duces diverging radiation 24 which is reflected from the 
thin surface plasmon resonance layer 22. The diverging 
radiation 24 passes through a spectral filter 26 prior to 

is exiting the housing 19. Thereafter, the radiation 24 
enters the housing 1 2 and strikes a detector array 28. 
For optical radiation, the detector array 28 comprises an 
array of photodetectors. Each detector in the array 28 
produces a sign on an output pin with an electrical sig- 

2c> nal that is proportional to the intensity of the radiation 
striking the detector. By measuring the voltage at each 
detector and knowing the angle that the radiation strik- 
ing that detector intercepted the surface plasmon reso- 
nance layer 22. one can produce a plot of reflected 

25 radiation intensity as a function of the angle. That plot 
can be correlated to the index of refraction of the sub- 
stance on the side of the surface plasmon resonance 
layer 22 opposite the side which reflects the radiation. 
Those of skill in the art will recongnize that the 

30 physical location of the elements illustrated in Fig. 1 can 
be moved or relocated while retaining the function 
described above. For example, the location and shape 
of the mirrors utilized for reflecting the radiation could 
take on other configurations and locations so long as 

- ; 5 radiation strikes a surface plasmon resonance layer and 
the intensity of the radiation reflected therefrom is 
measured as a function of the angle of the radiation 
striking the surface plasmon resonance layer. 

Fig. 2 illustrates an alternative configuration to that 

40 illustrated in Fig.1. This alternative configuration 
includes a housings 12 and 19. The housing 19 of Fig 
2, however, includes downwardly projecting wing por- 
tions 30 and 32 which fit over the walls of the housing 1 2 
when the two housings 12 and 19 are placed in a posi- 

45 tion as illustrated. The wing projections 30 and 32 
assure that the housing 19 is properly aligned with 
housing 12 so that radiation from the source 10 will ulti- 
mately strike the sensor 28 after bouncing off the mirror 
20 and the SPR surface 22. Indeed, the housings 12 

so and 1 9 can be thought of as being self-aligning because 
the wing projections 30 and 32. assure proper align- 
ment. 

Those of skill in the art vail recognize that whenever 
a beam of light passes from one medium to another in a 
55 non-normal direction, the direction of the beam leaving 
the junction on one side thereof usually leaves at an 
angle different from the angle the radiation enters the 
junction. This phenomenon is caused by the fact that 
the index of refraction of the body/gas on one side of the 
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junction is different from the index of refraction of the of 
the gas/body on the other side of the junction. In the 
configuration of Fig. 1 and 2 of the present invention, 
since the housing 12 and 1 9 are usually made of the 
same material, the fact that the light passing through the 5 
junction from one housing 12 to the other housing 19. 
for example, passes through a gaseous medium causes 
the direction of the radiation to change due to the fact 
that the gas trapped between the housings 1 2 and 1 9 
does not have the same index of refraction as the nous- w 
ings 12 and 19. To correct this, an index of refraction 
matching fluid may be located between the housings 12 
and 19. The fluid should have about the same index of 
refraction as that of the housings 12 and 19. When 
doing this for the configuration of Fig. 1, the fluid would 75 
be placed over the surfaces of the housings 12 and 19 
prior to locating them as shown therein. Some of the 
fluid will naturally be pressed out of the area between 
the housings. The escape of such fluid, however, can be 
prevented by having a gasket or the like disposed 20 
between the housings 12 and 1 9 to make sure that the 
index matching fluid will not escape from therebetween. 
Fig. 2 presents an alternative to the configuration of Fig 
1. In this configuration, pockets 34 are formed in the 
upper surface of the base housing 1 2. These pockets 34 2 s 
are positioned so that the light passing between the 
housings 1 2 and 1 9 will pass through these pockets 34 
as viewed in Fig. 2. Between the pockets 34 is an over- 
flow pocket 36. When the housings 12 and 19 are 
being. assembled as shown in Fig. 2, the pockets 34 are 30 
first filled with an index matching fluid. Then the hous- 
ings 12 and 19 are placed together as shown. Because 
there is an empty pocket 36 between the housings 12 
and 19. the excess fluid readily flows from the housings 
12 and 19 into the pocket 34 thereby leaving the hous- 35 
ings 12 and 1 9 in contact with the index matching fluid 
in the regions therebetween through which light passes. 
Since the index of refraction of this fluid is the same as 
that for the housings 12 and 1 9. the junction between 
these bodies does not cause any deviation of the fight 40 
path as it passes from one housing to another. As such, 
the index matching fluid provides a means for minimiz- 
ing the deviation of the direction of the radiation path 
which occurs at the boundary between base housing 12 
and the detachable optical housing 19. 45 

A further alternative design is illustrated in Fig. 3. In 
this configuration, the upper surface of the base hous- 
ing 12 and the lower surface of the detachable optical 
housing 19 is contoured to accommodate index match- 
ing pillows 38 which are positioned along the optical so 
path between the source 10 and the detector array 28. 
The index matching pillows 38 are comprised of very 
thin sheets of material with an index matching fluid dis- 
posed therebetween. The pillows are located in suitable 
depressions in the upper surface of the housing 12, ss 
When the detachable optical housing 19 is disposed as 
illustrated in Fig. 3. the contours of the lower surface will 
receive the pillows 34 to form an intimate contact there- 
with. In this fashion, an alternative means for minimizing 



the deviation of the direction ofthe radiation path which 
occurs at the boundary between base housing 12 and 
the detachable optical housing 19 is provided. 
A further means for minimizing the deviation of the 
direction of the radiation path which occurs at the 
boundary between base housing 12 and the detachable 
optical housing 19 is illustrated in Fig. 4. This configura- 
tion capitalizes on the fact that if a beam of fight basses 
through a boundary in a perpendicular direction, the 
direction of the light beam will not be changed by pass- 
ing through the intersection between the two regions 
With different indices of refraction. For this reason, the 
housing 12 is configured with an upper surface in the 
region 40 which is convex so that diverging radiation 
from the source 10 will pass through the upper surface 
of the housing 19 in a direction which is always perpen- 
dicular to the upper surface of the housing 19. In a sim- 
ilar fashion, the lower surface of the housing is made 
concave above region 40 so that the housing 19 and 12 
will rest m intimate contact with each other. This will 
cause the radiation entering the housing 19 to pass 
through the surface thereof in a direction perpendicular 
to the surface. This will result in minimizing the deviation 
of the direction of the radiation path which occurs at the 
boundary between base housing 12 and the detachable 
optical housing 19. 

The housing 12 has a concave portion 42 which is 
located in the optical path between the SPR surface 22 
and the detector 28. The lower surface of the housing 
1 9 is correspondingly convex. The curves are selected 
so that the radiation passing therethrough will be per- 
pendicular to the surface of the housings 12 and 19 
thereby providing an alternative means for minimizing 
the deviation of the direction of the radiation path which 
occurs at the boundary between base housing 12 and 
the detachable optical housing 19. 
A further alternative configuration is illustrated in Fig. 5 
In this configuration, a detachable optical element is 
illustrated generally at 50 which has generally the same 
configuration of the detachable housing 19 of Fig. 1. 
The optical element 50 includes a mirror, SPR conduc- 
tive film, a spectral filter and a body made of a material 
transparent to the radiation which is generated in the 
base housing 12. The optical element 50 additionally 
includes a downwardly projecting portion 52 which 
serves to align the element 50 with the base housing 12 
when they are interfitted together as illustrated gener- 
ally at 54. The inner surface of the projecting portion 52 
has a plurality of inwardly projecting protrusions 56 
which are positioned to interfit with indentations 58 on 
the outwardly facing surfaces of the base housing 12. In 
this manner, the optical element 50 can be afixed to the 
base housing 12. 

A pair of push rods 59 are vertically movable within 
the base housing 1 2 in a direction indicated by the dou- 
ble headed arrows 60. When the push rods 59 are 
pushed upwardly, they engage the detachable optical 
element 50 in the region of the protrusions 56 and serve 
to disengage the element 50 from the base housing 1 2. 
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When the push rods 59 are lowered, an optical element 
50 can be af ixed to the base housing 1 2 in a manner as 
described above. 

As noted above, an index matching fluid is usually 
applied between the detachable optical element 50 and 
the base housing 12. The arrangement illustrated in Fig. 
5 includes a gasket 62 disposed between the detacha- 
ble optical element 50 and the base housing 1 2 to reta 
in the index matching fluid therebetween when the ele- 
ment 50 and the housing 12 are pressed together. The 
other methods described above for retaining the index 
matching fluid between these members can also be uti- 
lized in the configuration of Fig. 5. 

The above description has been made with particu- 
lar emphasis on the structure of the alternative embodi- 
ments illustrated in the attached drawings. It will be r 
recognized by those of skill in the art. however, that the 
above mentioned and other modifications to the struc- 
ture of the invention can be made without departing 
from the spirit and scope of the invention as defined in 
the following claims. 

Claims 

1. A surface plasmon detector with interchangeable 
optical elements comprising, in combination: 

a source of optical radiation disposed on a 
base; 

a sensor array sensitive to said optical radiation 
disposed on said base; means for encapsulat- 
ing said source of radiation and said sensor in 
a material which is capable of transmitting opti- 
cal radiation from said source; 
a detachable optical housing detachably cou- 
pled to said base, said housing made of a 
material which is capable of transmitting radia- 
tion from said source; 

a film of a conductive material capable of sus- 
taining surface plasmon resonance, said film 
being disposed on an exterior surface of said 
optical housing; 

at least one optically reflective surface dis- 
posed on an exterior surface of said optical 
housing; 

said optical reflective surface, said film and 
said housing being shaped and positioned rel- 
ative to said source, sensor array and base so 
that radiation from said source is reflected by 
said film and said optically reflective surface 
and detected by said sensor array; 
a path discontinuity minimizing means for mini- 
mizing the deviation of the direction of the radi- 
ation path which occurs at the boundary 
between said base and said detachable optical 
housing; 

a polarizer disposed between said source and 
said sensor array to polarize the optical radia- 
tion which shakes said sensor array; and 



a filter disposed between said source and said 
sensor to prevent optical radiation at the fre- 
quency absorbed thereby from striking said 
sensor array. 

5 

2. A surface plasmon detector with interchangeable 
optical elements comprising, in combination: 

Source of radiation disposed on a base; 
10 sensor array disposed on said base; 

an encapsulation of said source of radiation 

and said sensor in a material which transmits 

radiation from said source; 

a detachable optical housing detachably cou- 
15 P'ecl to said base, said housing made of a 

material which transmits radiation from said 

source; 

a film of a conductive material capable of sus- 
taining surface plasmon resonance, said film 

20 being disposed on an exterior surface of said 

optical housing, said optical housing and said 
film being shaped and positioned so that radia- 
tion from said source is reflected by said film 
and detected by said sensor array; and 

25 a path discontinuity minimizing means for mini- 

mizing the deviation of the direction of the radi- 
ation path which occurs at the boundary 
between said base and said detachable optical 
housing. 

30 

3. The surface plasmon detector of Claim 2 wherein 
said path discontinuity minimizing means includes 
an index matching material disposed between said 
base and said housing. 

35 

4. The surface plasmon detector of Claim 2 wherein 
said path discontinuity minimizing means includes 
contouiing of the surfaces of said base and said 
housing so that any radiation from said source 

40 passes through the surfaces of said base and said 
housing in a direction substantially normal to the 
surface through which it passes. 

5. The surface plasmon detector of Claim 2 wherein 
45 said housing is contoured to interf it with said base 

which will hold said housing and said base together 
yet through deformation of said housing, said base 
or both said housing and said base permits separa- 
tion of said housing from said base. 

so 

6. The surfbce plasmon detector of Claim 3 addition- 
ally includes pockets disposed on either said hous- 
ing or said base for holding said index matching 
fluid. 

55 

7. The surface plasmon detector of Claim 3 addition- 
ally including a fluid retaining member retaining 
said index matching fluid between said base and 
said housing. 
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8. The surface plasmon detector of Claim 2 wherein 
said housing and said base are shaped in a com- 
plementary fashion so that they are self aligning 
when they are interfttted. 

9. The surface plasmon detector of Claim 3 wherein 
said index matching fluid is contained in a flexible 
pouch disposed between said base and said hous- 
ing. 

10. The surface plasmon detector of Claim 2 addition- 
ally including an optical filter disposed along the 
radiation path from said source to said detector to 
fitter the radiation striking said sensor array in 
selected frequency ranges. 

11. The surface plasmon detector of Claim 2 addition- 
ally including a polarizer disposed along the radia- 
tion path from said source to said detector to 
polarize the radiation striking the sensor array. 20 

12. The surface plasmon detector of Claim 2 addition- 
ally including a housing disposed around said 
source with an aperture therethrough. 

25 

13. The surface plasmon detector of Claim 2 addition- 
ally including means for separating said housing 
from said base. 

30 



40 



45 



so 



55 



6 

BNSOOCIO:<EP 0797091 At > 



10 



EP 0 797 091 A1 




BNSOOCtD:<GP 0797091 A1> 



7 



EP 0 797 091 A1 




8 

^* ^noClO: <EP 0797091 A1> 



EP 0 797 091 A1 




EP 0 797 091 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



. Application Number 

EP 97 10 4728 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



SIXTH INTERNATIONAL MEETING ON CHEMICAL 
SENSORS, GAITHERSBURG, MD, USA, 22-25 JULY 
1996, 

vol. B35, no- 1-3, ISSN 0925-4005, SENSORS 

AND ACTUATORS B (CHEMICAL), SEPT. 1996, 

ELSEVIER, SWITZERLAND, 

pages 212-216, XP000641402 

MELENDEZ J ET AL: "A commercial solution 

for surface plasmon sensing" 

* the whole document * 

WO 92 14140 A (FIS0NS PLC) 20 August 1992 

* page 4, line 10 - page 5, line 10; 
figure 1 * 

US 4 602 869 A (HARRICK NICOLAS J) 29 July 
1986 

* column 3, line 50 - column 4, line 45; 
figure 6 * 

W0 91 13339 A (FIS0NS PLC) 5 September 
1991 

* page 14, line 20 - page 15, line 14; 
figure 7 * 

7TH INTERNATIONAL CONFERENCE ON SOLID 
STATE SENSORS AND ACTUATORS (TRANSDUCERS 
'93), YOKOHAMA, JAPAN, 7-10 JUNE 1993, 
vol. A43, no. 1-3, ISSN 0924-4247, SENSORS 
AND ACTUATORS A (PHYSICAL), MAY 1994, 
SWITZERLAND, 

pages 202-207, XP000454111 

GARABEDI AN R ET AL: "Microf abri cated 

surface plasmon sensing system" 

* page 203, column 1, line 17 - page 203, 
column 2, line 20; figure 3 * 



The present search report has been druwn up for mil claims 



PI act of lejrch 

MUNICH 



Dtfc mi CM?4«tlM «f 11m ecarefc 

2 July 1997 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



1-13 



G01N21/55 



1-13 



1-13 



1-13 



1-13 



TECHNICAL FIELDS 
SEARCHED (lnt-Cl.6) 



G01N 



Mason, W 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if takes alone 

Y : particularly relevant if combined with another 

document of the tame category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document bled for other reasons 

& : member of the same patent family, corresponding 
document 



10 



EP 0 797 091 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



■ Application Number 

EP 97 10 4728 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



US 5 443 890 A (OEHMAN OVE) 22 August 1995 

* column 1, line 30 - line 60; figures 8,9 

* column 8, line 20 - line 55 * 

US 4 886 357 A (HARRICK NICOLAS J) 12 
December 1989 

* column 7, line 40 - column 8, line 2- 
figure 11 * 

EP 0 517 930 A (HEWLETT PACKARD GMBH) 16 
December 1992 

* column 12, line 30 - column 13, line 30- 
figures 1,2 * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



1-13 



1-13 



1-13 



The present search report has been drawn up for alt claims 



ft ace mf tcarch 



MUNICH 



D*« of o*«^c<ko« of the uvck 

2 July 1997 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combine* with another 

document of the tame category 
A : technological background 
O : non-wrtltea disclosure 
P : intermediate document 



TECHNICAL FIELDS 
SEARCHED (Inf.CI 6) 



Mason, W 



r : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

A : member of the same patent family, correspond in* 
document 



BNSOOCID:<EP 0797091A1> 



11 



